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(57) ABSTRACT

A method and device for detecting DCI are provided. The
method includes: obtaining intermediate data in DCI blind
detection, the intermediate data including descrambled data,
decoded data and detected RNTI values; determining data to
be processed from the decoded data based on a matching
result of the detected RNTI values and configured RNTI
values; performing encoding, rate matching and modulation
on the data to be processed to obtain modulated data; calcu-
lating confidence levels of the configured RNTT values based
on the modulated data and the descrambled data; and when a
maximum confidence level of the configured RNTI value is
greater than a predetermined threshold of confidence level,
determining that the data to be processed contains detected
DCI. The probability of DCI misdetection may be reduced,
and further the accuracy of uplink and downlink data on a
mobile terminal and system stability may be ensured.

obtaining intermediate data in DCI blind detection, the intermediate
data including descrambled data DataAftDescramble;, decoded
data DataAftDeConv,and detected RNTI values DetRnti, where i is

determining data to be processed DataAftDeConvy from the

RNTI values DetRnti; and configured RNTI values SetRntij, where
k=ig, i15eey i1, @Nd g, i1, ik-1 differ from one another and are
related to values of i in the detected RNTI values DetRnti which
match the configured RNTI values SetRntj;

data DataAftDeConv, based on a matching result of the detected | .

performing encoding, rate matching and modulation on the data to
be processed DataAftDeConv, to obtain modulated data

calculating confidence levels Cy of the configured RNTI values
SetRnti, based on the modulated data DataAftRebuildModulation
and the descrambled data DataAftDescrambley, where values of p
are equal to values of j in the configured RNTI values SetRntj,
which match the detected RNTI values DetRntiy

when a maximum confidence level {C)mex of the configured RNTI
value SetRnti, is greater than a predetermined threshold of
confidence level, determining that the data to be processed

DataAftDeConv, contains detected DCI, where kp is the value of k

when the confidence level Cy reaches the maximum value (Cijmax
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obtaining intermediate data in DCI blind detection, the intermediate
data including descrambled data DataAftDescramble;, decoded ST

data DataAftDeConv; and detected RNTI values DetRnti;, where iis|
an index of a PDCCH search space

determining data to be processed DataAftDeConv, from the
decoded 32
data DataAftDeConv; based on a matching result of the detected | -~
RNTI values DetRnti; and configured RNTI values SetRnti;, where
k=ig, i1yees ik-1, @Nd iq, i1,..., ik.1 differ from one another and are
related to values of i in the detected RNTI values DetRnti; which
match the configured RNTI values SetRnti;

performing encoding, rate matching and modulation on the datato | - S3
be processed DataAftDeConvy to obtain modulated data -
DataAftRebuildModulation
calculating confidence levels Cy of the configured RNTI values s4

SetRnti, based on the modulated data DataAftRebuildModulation, |
and the descrambled data DataAftDescramble,, where values of p
are equal to values of j in the configured RNTI values SetRntj;
which match the detected RNTI values DetRntiy

when a maximum confidence level (Cy)max Of the configured RNTI
value SetRnti, is greater than a predetermined threshold of S5
confidence level, determining that the data to be processed

DataAftDeConvy, contains detected DCI, where kp is the value of k

when the confidence level Cy reaches the maximum value (Cy)max

FIG 1
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REG in each PDCCH search space is demodulated S11
to obtain soft bits and the soft bits are descrambled
to obtain descrambled data DataAftDescramble;

de-rate matching is performed on the descrambled S12
data DataAftDescramble; to obtain de-rate matched
data DataAftDeRateMatch;

the de-rate matched data DataAftDeRateMatch; is S13
decoded to obtain decoded data DataAftDeConv;

CRC is performed on the decoded data

DataAftDeConv; to obtain CRC check data at a S14
receiving terminal
detected RNTI value DetRnti; is calculated based on S15

TxCrc; and RxCrg;

FIG. 2
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METHOD AND DEVICE FOR DETECTING
DOWNLINK CONTROL INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Chinese patent
application No. 201310754389 4, filed on Dec. 31,2013, and
entitled “METHOD AND DEVICE FOR DETECTING
DOWNLINK CONTROL INFORMATION”, and the entire
disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to communication
technology field, and more particularly, to a method and
device for detecting Downlink Control Information (DCI) in
a Long Term Evolution (LTE) system.

BACKGROUND

In an LTE system, downlink data receiving at a mobile
terminal includes Physical Downlink Control Channel (PD-
CCH) receiving. A PDCCH carries Downlink Control Infor-
mation (DCI) of one or more mobile terminals. The DCI
generally includes downlink scheduling and allocation infor-
mation used in demodulating and decoding a Physical Down-
link Shared Channel (PDSCH) when a mobile terminal
receives the PDSCH, scheduling authorization information of
sources and transmission format used in the mobile terminal
transmitting data in a Physical Uplink Shared Channel
(PUSCH), acknowledgement information transmitted in a
shared channel, and uplink physical channel power control
information.

A mobile terminal can blindly detect DCI in a received
PDCCH based on a Radio Network Temporary Identifier
(RNTI) value which is configured for the mobile terminal,
decode the DCI and make configuration for receiving a
PDSCH or sending a PUSCH based on the decoded PCI.

When receiving the PDCCH and blindly detecting the DCI,
the mobile terminal needs to perform a Cyclic Redundancy
Check (CRC) on a demodulation result in each search space,
and match the demodulation result to the configured RNTI
value. If the demodulation result matches the configured
RNTT value, the corresponding DCI is determined to be DCI
actually sent to the mobile terminal. According to LTE speci-
fications, a mobile terminal can match 22 search spaces at
most and one search space can detect data of one or two DCI
length. That is, CRC and RNTI matching may be performed
44 times at most.

However, in LTE specifications, a 16-bit CRC is employed
to save bits transmitted in a PDCCH. Too few CRC check bits
may result in a certain degree of mismatching. Theoretically,
a misdetection of DCI may occur every 1.5 seconds if RNTI
matching is performed 44 times in each sub frame.

The misdetection of DCI may further lead to wrong con-
figuration for reception of PDSCH or transmission of
PUSCH, which will cause received downlink data to be dis-
carded or downlink data to be wrongly transmitted and
received. This, in turn, may result in package loss and reduce
the throughput of the mobile terminal system. Besides, the
wrong configuration may also cause the system abnormal and
reduce the reliability and stability of the mobile terminal
system.

In some technologies, a determination process is per-
formed on whether DCI obtained by blind detection is valid or
not. If it is determined that invalid information exists in
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parameters configured in a PDSCH or a PUSCH, the DCI is
filtered out to avoid system instability resulted from abnormal
configuration. However, it still happens that some DCI
obtained by misdetection cannot be filtered out, especially
when DCI obtained by misdetection is valid in itself, while
the DCI is not the information that a base station actually
sends to a mobile terminal.

In some technologies, in order to filter DCI, a threshold is
set for a distance on a state machine shortest path output from
convolutional decoding when DCI demodulation is per-
formed. However, by this method, it often happens that the
DCI that a base station actually sends to a mobile terminal is
filtered out, while the DCI obtained by misdetection is
retained.

Therefore, new DCI detection methods are needed to
reduce the probability of DCI misdetection.

SUMMARY

In embodiments of the present disclosure, a method and
device for detecting DCI are provided, which may reduce the
probability of misdetection in DCI blind detection.

In one embodiment, a method for detecting DCI is pro-
vided, including:

obtaining intermediate data in DCI blind detection, the
intermediate data including descrambled data DataAftDe-
scramble;, decoded data DataAftDeConv, and detected RNTI
values DetRati,, where i is an index of a PDCCH search
space;

determining data to be processed DataAftDeConv, from
the decoded data DataAftDeConv, based on a matching result
of the detected RNTT values DetRauti, and configured RNTI
values SetRati, where k=ig, 1), . .., ig ,and g, 5 -+ o5 1y
differ from one another and are related to values of i in the
detected RNTI values DetRnti, which match the configured
RNTT values SetRnti,;

performing encoding, rate matching and modulation on the
data to be processed DataAftDeConv, to obtain modulated
data DataAftRebuildModulation,;

calculating confidence levels C, of the configured RNTI
values SetRnti, based on the modulated data DataAftRe-
buildModulation, and the descrambled data DataAftDe-
scramble,, where values of p are equal to values of j in the
configured RNTI values SetRnti; which match the detected
RNTT values DetRanti,; and

when a maximum confidence level (C,),,,, of the config-
ured RNTI value SetRnti, is greater than a predetermined
threshold of confidence level, it being determined that the
data to be processed DataAftDeConv,, contains detected
DCI, where kp is the value of k when the confidence level C,
reaches the maximum value (C,),, -

Optionally, DetRati,=TxCrc; XOR RxCrc;, where TxCrc,
is CRC data in the decoded data DataAftDeConv, added by a
sender, and RxCrc, is CRC check data obtained after CRC is
performed on the decoded data DataAftDeConv, in which
TxCrc, is removed.

Optionally, iy, 1, . . . , iz, may be values of i in all the
detected RNTT values DetRati; which match the configured
RNTI values SetRnti,.

Optionally, i, ij, . . . , iz ; may be values ofiin a portion of
the detected RNTI values DetRnti, extracted from all the
detected RNTT values DetRati; which match the configured
RNTI values SetRnti,.

Optionally, a distance on a state machine shortest path
output from convolutional decoding, which corresponds to
the extracted portion of the detected RNTI values DetRanti,,
may be less than a distance threshold.
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Optionally, the confidence levels C, may be related to
C_Temp, which is dot product of the modulated data
DataAftRebuildModulation, and the descrambled DataAft-
Descramble,.

Optionally, the confidence levels C, may be calculated
based on any one of the following formulas:

Cr=real(C_Tempy);
C,=real(C_Temp,)-abs(imag(C_Temp,));
and

Ci=real(C_Temp,)/(abs(imag(C_Tempy))+const).

Optionally, the method may further include: performing
filtering on the detected DCI.

Optionally, the filtering may include validity determina-
tion.

In one embodiment, a device for detecting DCI is provided,
including:

an obtaining unit, configured to obtain intermediate data in
DCI blind detection, the intermediate data including
descrambled data DataAftDescramble,, decoded data
DataAftDeConv, and detected RNTI values DetRati,, where i
is an index of a PDCCH search space;

a matching unit, configured to determine data to be pro-
cessed DataAftDeConv,. from the decoded data DataAftDe-
Conv, based on a matching result of the detected RN'TI values
DetRnti; and configured RNTI values SetRanti,, where k=i,,
1y,...,1g ,andig,1;,. .., 1z differ from one another and are
related to values of i in the detected RNTI values DetRati,
which match the configured RNTI values SetRnti,;

a processing unit, configured to perform encoding, rate
matching and modulation on the data to be processed
DataAftDeConv, to obtain modulated data DataAftRebuild-
Modulation,;

acalculating unit, configured to calculate confidence levels
C, of the configured RNTI values SetRnti, based on the
modulated data DataAftRebuildModulation, and the
descrambled data DataAftDescramble,, where values of p are
equal to values of j in the configured RNTI values SetRnti,
which match the detected RNTI values DetRnti,; and

a determining unit, configured to determine that the data to
be processed DataAftDeConv,,, contains detected DCI, when
a maximum confidence level (C,),,,, of the configured RNTI
values SetRati, is greater than a predetermined threshold of
confidence level, where kp is the value of k when the confi-
dence level C,, reaches the maximum value (C,),, -

Optionally, the device may further include a filtering unit,
configured to perform filtering on the detected DCIL.

Optionally, the filtering unit may be configured to deter-
mine whether the detected DCI is valid.

In embodiments of the present disclosure, encoding, rate
matching and modulation are performed on decoded PDCCH
DCI which is detected and matched, so that data is restored to
the data corresponding to a node after a receiver performs
descrambling. Correlation is performed on the restored data
and the received and descrambled soft bits, and a confidence
level is calculated. Detected DCI is determined by comparing
a maximum confidence level of configured RNTI values with
a threshold of confidence level. In this manner, the reliability
of the detected DCI and soft bits used in encoding may be
determined to a high extent. The DCI obtained by misdetec-
tion resulted from RNTI mismatching due to randomizing
CRC, may be effectively filtered out. Therefore, the instabil-
ity and decreased rate of a system caused by DCI misdetec-
tion may be avoided.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a flow chart of a method for
detecting DCI according to some embodiments of the present
disclosure;

FIG. 2 schematically illustrates a flow chart of S1 in the
method shown in FIG. 1; and

FIG. 3 schematically illustrates a structural diagram of a
device for detecting DCI according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a flow chart of a method for
detecting DCI according to an embodiment of the present
disclosure. The method includes:

S1, obtaining intermediate data in DCI blind detection, the
intermediate data including descrambled data DataAftDe-
scramble,, decoded data DataAftDeConv, and detected RNTI
values DetRnti,, where i is an index of a PDCCH search
space;

S2, determining data to be processed DataAftDeConv,
from the decoded data DataAftDeConv, based on a matching
result of the detected RNTI values DetRuti, and configured
RNTT values SetRnti;, where k=i, i, . . . , ixg;, and i,
iy, ..., 1, differ from one another and are related to values
of 1 in the detected RNTI values DetRnti, which match the
configured RNTI values SetRnti,;

S3, performing encoding, rate matching and modulation on
the data to be processed DataAftDeConv,, to obtain modu-
lated data DataAftRebuildModulation,;

S4, calculating confidence levels C, of the configured
RNTI values SetRnti, based on the modulated data
DataAftRebuildModulation, and the descrambled data
DataAftDescramble,, where values of p are equal to values of
j in the configured RNTI values SetRnti; which match the
detected RNTI values DetRnti,; and

S5, when a maximum confidence level (C,),,,,. of the con-
figured RNTI value SetRnti,, is greater than a predetermined
threshold of confidence level, determining that the data to be
processed DataAftDeConv,, contains detected DCI, where
kp is the value of k when the confidence level C, reaches the
maximum value (C,),, .-

The above steps are described in detail below.

Referring to FIG. 2 which shows a detailed flow of S1,
obtaining intermediate data in DCI blind detection may
include S11 to S15.

In S11, Resource Element Group (REG) in each PDCCH
search space is demodulated to obtain soft bits and the soft
bits are descrambled to obtain descrambled data DataAftDe-
scramble;.

DataAftDescramble, is vector data, and i represents the
index of the PDCCH search spaces, i=0, 1, 2, . . . , NumOf-
Candidate-1), where NumOfCandidate is the number of the
PDCCH search spaces. According to related protocols (such
as 3GPP specification 36.212), a terminal receiver can match
22 PDCCH search spaces at most, i.e., NumOfCandidate<22.
For example, if NumOfCandidate=10, the descrambled data
includes  DataAftDescramble,,  DataAftDescramble,,
DataAftDescramble,, . DataAftDescramble,, where
DataAftDescramble,, DataAftDescramble,, DataAftDe-
scramble,, . . ., DataAftDescramble, are arrays. One PDCCH
search space can detect data of one or two DCI length.

In S12, de-rate matching is performed on the descrambled
data DataAftDescramble, to obtain de-rate matched data
DataAftDeRateMatch,.
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In some embodiments, S12 may be an inverse process of a
rate matching process stipulated in the related protocols. De-
rate matching may be performed on the descrambled data
DataAftDescramble, of each search space to obtain the de-
rate matched data DataAftDeRateMatch,, where DataAft-
DeRateMatch, is vector data.

In S13, the de-rate matched data DataAftDeRateMatch, is
decoded to obtain decoded data DataAftDeConv,.

In some embodiments, S13 may be an inverse process of a
convolutional encoding process stipulated in the related pro-
tocols. Convotional decoding may be performed on the de-
rate matched data DataAftDeRateMatch, of each search space
to obtain the decoded data DataAftDeConv,. The last 16 bits
in the decoded data DataAftDeConv, is CRC data added by a
sending terminal (i.e., base station) and is represented by
TxCrc,. After removing the CRC data TxCrc, from the
decoded data DataAftDeConv,, the decoded data DataAftDe-
Conv, may be taken as DCI obtained by the blind detection.

In S14, CRC is performed on the decoded data DataAft-
DeConv, to obtain CRC check data at a receiving terminal.

Insome embodiments, based on the related protocols, CRC
may be performed on the decoded data DataAfiDeConv, of
each search space in which the CRC data TxCrc, has been
removed, to obtain the CRC check data RxCrec; at the receiv-
ing terminal.

In S15, detected RNTI value DetRati, is calculated based
on TxCrc; and RxCre,.

In some embodiments, the detected RNTI value DetRati,
may be calculated based on the CRC data TxCrc, added by the
sending terminal and the CRC check data RxCrc; at the
receiving terminal in each search space, such as formula (1):

DetRnti,=TxCrc; XOR RxCrc; 1),

where XOR represents an exclusive disjunction operation.

Referring to FIG. 1, in S2, data to be processed DataAft-
DeConv, may be determined from the decoded data DataAft-
DeConv, based on a matching result of the detected RNTI
values DetRati, and configured RNTI values SetRnti,.

In some embodiments, the configured RNTI values SetRn-
ti, are formed according to the related protocols and sent to the
receiving terminal by the sending terminal, j=0, 1, . .., J-1,
where J is the number of the configured RNTI values and
determined by the sending terminal. Each configured RNTI
value SetRnti, is compared with the detected RNTI values
DetRati, in each search space, and if a configured RNTT value
SetRnti; is equal to a detected RNTI value DetRanti,, it is
determined that the configured RNTI value SetRnti, matches
the detected RNTI value DetRati,. Assuming X detected
RNTI values in a search space are matched, DetRanti_ is taken
to represent these matched detected RNTI values, where
X=1_ o1 qy..eyl _y951 g5l _g,...,1_ 4 differ from one
another and represent values of i in the detected RNTI value
DetRnti, which are matched. In one embodiment, there are
three configured RNTI values, respectively being SetRnti,,
SetRnti;, SetRati,. NumOfCandidate=10, that is, there are
ten detected RNTI values, being DetRnti,, DetRnti,,
DetRati,, . . . , DetRatig. If DetRnti, matches SetRnti,,
DetRnti;, DetRntis and DetRntig; match SetRnti;, and
DetRanti, and DetRntig match SetRnti,, the matched detected
RNTTI values include DetRnti,, DetRati;, DetRatis, DetRatig,
DetRati, and DetRntig, X=6,andi_,,i ,,i ,,1 5,1 ,and
i_ s may besetto, forexample, 1,3, 5, 6, 7 and 8, respectively.

Based on the matched detected RNTI values, the data to be
processed DataAftDeConv, may be determined from all the
decoded data DataAftDeConv,.

In some embodiments, the decoded data DataAftDeConv,
which corresponds to the matched detected RNTI values
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DetRnti, may be determined to be the data to be processed
DataAftDeConv,, where k=i, i;, . . ., ix;, K=X, and i,
ij,...,1, correspondtoi_,,1_,,...,1 4, respectively.
As described in the above embodiment, the three configured
RNTI values match the ten detected RNTI values. Thus, inthe
above embodiment, i,=i_ =1, i,-1_,;=3, i,=i_,=5,
i;=1_ =6, 1,=1_ ,=7,i5=i_ =8, and the data to be processed
DataAftDeConv, includes DataAftDeConv,, DataAftDe-
Conv,, DataAftDeConvs, DataAftDeConv,, DataAftDe-
Conv, and DataAftDeConvy.

In some embodiments, to avoid unnecessary calculation to
ensure that power consumption of a terminal is not increased,
a method for filtering detected DCI may be performed to
extract a portion of DCI from those obtained by the blind
detection. DetRanti, corresponding to the extracted portion of
DCI may be extracted from all the matched detected RNTI
values DetRnti, and the decoded data corresponding to the
extracted matched detected RNTI values DetRnti, may be
determined to be the data to be processed DataAftDeConv,,
where k=i, i;, . . . , ig.;, K is the number of the extracted
matched detected RNTI values, iy, i;, . . . , iz ; correspond to
values of x in the extracted matched detected RNTI values,
respectively. Still taking the above embodiment for example,
among the ten matched detected RNTI values, three detected
RNTI values DetRnti, may be extracted, where x isi_;,1_4
and i_,. Thus, the extracted matched detected RNTI values
include DetRati;, DetRatiy and DetRnti,, i,=i_ =3,
1,=1 =6, i,=1_,=7, and the data to be processed includes
DataAftDeConv;, DataAftDeConvg and DataAftDeConv,.

Existing methods may be employed to filter detected DCI.
For example, whether a distance on a state machine shortest
path output from convolutional decoding, which corresponds
to the matched detected RNTI values DetRnti,, is less than a
distance threshold may be determined, and if'yes, the decoded
data corresponding to the matched detected RNTI values
DetRnti, may be determined to be the data to be processed.
Namely, the distance on the state machine shortest path out-
put from convolutional decoding, which corresponds to the
extracted matched detected RNTI values DetRnti,, is less
than the distance threshold. The distance on the state machine
shortest path output from convolutional decoding may be
obtained in S13, and the distance threshold may be deter-
mined based on protocols and practical situations.

Still referring to FIG. 1, in S3, encoding, rate matching and
modulation are performed on the data to be processed
DataAftDeConv,, to obtain modulated data DataAftRebuild-
Modulation,.

In some embodiments, according to the related protocols,
convotional encoding may be performed on the data to be
processed DataAftDeConv, to obtain encoded data
DataAftRebuildConv,. Rate matching may be performed on
the encoded data DataAftRebuildConv, to obtain rate
matched data DataAftRebuildRatematch,. Then, the rate
matched data DataAftRebuildRatematch, may be modulated
(namely, data is restored) to obtain the modulated data
DataAftRebuildModulation, which is complex 1Q vector
data.

In S4, confidence levels C, of the configured RNTI values
SetRnti, are calculated based on the modulated data
DataAftRebuildModulation, and the descrambled data
DataAftDescramble,.

The confidence levels C, may be obtained by performing
certain computation on the modulated data DataAftRebuild-
Modulation, and the corresponding descrambled data
DataAftDescramble,. In some embodiments, dot product of
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the modulated data DataAftRebuildModulation, and the
descrambled data DataAftDescramble, may be first calcu-
lated as follows:

C_Temp, = 2)

=

-1
DataAfiRebuildModulation, (m) = conj(DataAfiDescramble, (m)),
0

3
I

where M is the length of the vector data (array), and conj
represents obtaining conjugation.

Based on C_Temp,, the confidence levels C, may be cal-
culated in many ways, such as formula (3), (4) or (5):

C,=real(C_Temp,) 3)

Ci=real(C_Tempy)-abs(imag(C_Tempy)) 4

Ci=real(C_Tempy)/(abs(imag(C_Tempy))+const) (5),

where real represents obtaining a real part, imag represents
obtaining an imaginary part, abs represents obtaining an
absolute value, and const represents a constant, such as zero
or other values.

The calculated confidence levels C, are taken as the confi-
dence levels C; of the configured RNTI values SetRnti,,
where p is values of j in the configured RNTI values SetRnti;
which match the extracted matched detected RNTI values
DetRati,. As described in the above embodiment, if DetRnti,
matches SetRuti,, DetRnti;, DetRati5 and DetRnti; match
SetRati;, and DetRati, and DetRntig match SetRnti,, K=6,
i9=1, 1,3, 1p—s, 13_¢, 14—y, 15s—g, and the data to be processed
DataAftDeConv, includes DataAftDeConv,, DataAftDe-
Conv,, DataAftDeConvs, DataAftDeConv,, DataAftDe-
Conv, and DataAftDeConv,. Accordingly, the confidence
level C, is the confidence level of SetRnti,, the confidence
levels C;, C, and C, are the confidence levels of SetRati, , and
the confidence levels C, and Cg are the confidence levels of
SetRati,. From above, one configured RNTI value may have
multiple calculated confidence levels.

Still referring to FIG. 1, in S5, when a maximum confi-
dencelevel (Cy),,,,,, Of the configured RNTI value SetRanti, is
greater than a predetermined threshold of confidence level, it
is determined that the data to be processed DataAftDeConv,,,
contains detected DCI, where kp is the value of k when the
confidence level C, reaches the maximum value (C,),, .-

In some embodiments, for each configured RNTI value
SetRnti,,, a maximum confidence level, i.e., the maximum
confidence level (C,),,,. of the configured RNTI value Set-
Rnti,,, may be determined. kp represents the value of k when
the confidence level C, reaches the maximum value (C,),, .-
Besides, to the configured RNTI values SetRnti, which do not
match any detected RNTI values DetRati,, their confidence
levels may be set to be infinitesimal.

In some embodiments, for each configured RNTI value
SetRnti,, whether its maximum confidence level (Cy),,,,, is
greater than a predetermined threshold of confidence level
may be determined, and if yes, it is determined that DCI
obtained by the blind detection is detected DCI, that is, the
data to be processed DataAftDeConv,,, contains the detected
DCI. The predetermined threshold of confidence level is a
critical value used to determine the reliability of DCI, and
may be determined based on experiments, or determined as
an empirical value according to practical designing require-
ments, which is not limited in the disclosure.

For example, continuing the above embodiment described
in S4, the confidence levels of SetRnti, include C;, C5and Cg,

10

15

20

25

30

35

40

45

50

55

60

65

8

and the maximum confidence level is Cs, that is, kp=5. If the
confidence level C, is greater than the threshold of confidence
level, it is determined that the data to be processed DataAft-
DeConv, contains the detected DCI. After CRC data added by
the sending terminal is removed from the data to be processed
DataAftDeConvs, the data to be processed DataAfiDeConv
is the detected DCI.

In some embodiments, the detected DCI may be deter-
mined to be valid information directly. To further improve the
accuracy of DCI detection, in some embodiments, the DCI
detection method may further include: performing filtering
on the detected DCI. In some embodiments, existing methods
for filtering detected DCI may be employed to filter or screen
the detected DCI obtained in S5 to further determine valid
DCI. For example, validity determination may be performed
on the detected DCI obtained in S5 to filter out invalid DCI
while other detected DCI may be determined as valid DCI.

Accordingly, in one embodiment, a device for detecting
DCI may be provided. Referring to FIG. 3, the device
includes an obtaining unit 31, a matching unit 32, a process-
ing unit 33, a calculating unit 34 and a determining unit 35.

The obtaining unit 31 may be configured to obtain inter-
mediate data in DCI blind detection, the intermediate data
including descrambled data DataAftDescramble,, decoded
data DataAftDeConv, and detected RNTI values DetRnti,,
where iis an index of a PDCCH search space.

The matching unit 32 may be configured to determine data
to be processed DataAftDeConv, from the decoded data
DataAftDeConv, based on a matching result of the detected
RNTI values DetRati, and configured RNTI values SetRanti,
which are obtained in the obtaining unit 31, where k=i,
iy... g ,andig, iy, .., g differ from one another and are
related to values of i in the detected RNTI values DetRati,
which match the configured RNTI values SetRnti,.

The processing unit 33 may be configured to perform
encoding, rate matching and modulation on the data to be
processed DataAftDeConv, which is determined in the
matching unit 32 to obtain modulated data DataAftRebuild-
Modulation,.

The calculating unit 34 may be configured to calculate
confidence levels C, of the configured RNTI values SetRnti,,
based on the modulated data DataAftRebuildModulation,
obtained in the processing unit 33 and the descrambled data
DataAftDescramble, obtained in the obtaining unit 31, where
values of p are equal to values of j in the configured RNTI
values SetRnti; which match the detected RNTI values
DetRati,.

The determining unit 35 may be configured to determine
that the data to be processed DataAftDeConv,, contains
detected DCI, when a maximum confidence level (C,),,,, of
the configured RNTI value SetRnti, is greater than a prede-
termined threshold of confidence level, where kp is the value
otk when the confidence level C, reaches the maximum value
Ce

A data processing procedure of the device for detecting
DCI may be similar with that described in the method for
detecting DCI, and is not described in detail here.

From the above, encoding, rate matching and modulation
may be performed on decoded PDCCH DCI which is
detected and matched, so that data is restored to the data
corresponding to a node after a receiver performs descram-
bling. Correlation is performed on the restored data and the
received and descrambled soft bits, and a confidence level is
calculated. A maximum confidence level of configured RNTI
values in each search space is determined, and the maximum
confidence level is compared with a threshold of confidence
level to determine detected DCI. In this manner, the probabil-
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ity of DCI misdetection may be reduced, and further the
accuracy of uplink and downlink data on a mobile terminal
and system stability may be ensured.

Those skilled in the art may understand that all or some of
the processes in the embodiments described above can be
realized by using computer programs to instruct correspond-
ing hardware. The programs may be stored in a readable
storage medium in a computer, such as Read-Only Memory
(ROM), Random Access Memory (RAM), diskette, Compact
Disc (CD) or the like.

Although the present disclosure has been disclosed above
with reference to preferred embodiments thereof, it should be
understood that the disclosure is presented by way of example
only, and not limitation. Those skilled in the art can modify
and vary the embodiments without departing from the spirit
and scope of the present disclosure. Therefore, the protection
scope of the present disclosure is subject to the scope defined
by the claims.

What is claimed is:

1. A method for detecting Downlink Control Information
(DCI), comprising:

obtaining intermediate data in DCI blind detection, the

intermediate data comprising descrambled data
DataAftDescramble,, decoded data DataAftDeConv,
and detected RNTI values DetRnti,, where i is an index
of a Physical Downlink Control Channel (PDCCH)
search space;

determining data to be processed DataAftDeConv, from

the decoded data DataAftDeConv, based on a matching
result of the detected Radio Network Temporary Identi-
fier (RNTI) values DetRati, and configured RNTI values
SetRnti, where k=i, 1y, . .., 1x 1,and i, 1, ...,z differ
from one another and are related to values of i in the
detected RNTI values DetRnti, which match the config-
ured RNTI values SetRnti;

performing encoding, rate matching and modulation on the

data to be processed DataAftDeConv,, to obtain modu-
lated data DataAftRebuildModulation,;

calculating confidence levels C, of the configured RNTI

values SetRnti, based on the modulated data DataAftRe-
buildModulation, and the descrambled data DataAftDe-
scramble,, where values of p are equal to values ofj in
the configured RNTI values SetRnti; which match the
detected RNTI values DetRnti,; and

when a maximum confidence level (C,),,,,.. of the config-

ured RNTI value SetRnti, is greater than a predeter-
mined threshold of confidence level, determining that
the data to be processed DataAftDeConv,, contains
detected DCI, where kp is the value of k when the con-
fidence level C,, reaches the maximum value (C,),, .-

2. The method according to claim 1, wherein
DetRati,=TxCrc, XOR RxCrc,, where TxCrc, is Cyclic
Redundancy Check (CRC) data in the decoded data DataAft-
DeConv, added by a sender, and RxCrc, is CRC check data
obtained after CRC is performed on the decoded data
DataAftDeConv, in which TxCrec, is removed.

3. The method according to claim 1, wherein iy, i;, . . ., iz
are values of i in all the detected RNTI values DetRnti, which
match the configured RNTI values SetRnti,.

4. The method according to claim 1, wherein iy, i, . . ., iz
are values of 1 in a portion of the detected RNTI values
DetRati, extracted from all the detected RN'TI values DetRnti,
which match the configured RNTT values SetRnti,.

5. The method according to claim 4, wherein a distance on
a state machine shortest path output from convolutional
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decoding, which corresponds to the extracted portion of the
detected RNTI values DetRanti, is less than a distance thresh-
old.

6. The method according to claim 1, wherein the confi-
dencelevels C, arerelated to C_Temp, which is dot product of
the modulated data DataAftRebuildModulation, and the
descrambled data DataAftDescramble;.

7. The method according to claim 6, wherein the confi-
dence levels C, is calculated based on any one of the follow-
ing formulas:

C=real(C_Temp,);
Ci=real(C_Temp;)-abs(imag(C_Tempy));
and

Ci=real(C_Temp;)/(abs(imag(C_Tempy))+const).

8. The method according to claim 1, further comprising:
performing filtering on the detected DCI.

9. The method according to claim 8, wherein the filtering
comprises validity determination.

10. A device for detecting DCI, comprising:

an obtaining unit, configured to obtain intermediate data in
DCI blind detection, the intermediate data comprising
descrambled data DataAftDescramble,, decoded data
DataAftDeConv, and detected RNTI values DetRanti,,
where iis an index of a PDCCH search space;

a matching unit, configured to determine data to be pro-
cessed DataAftDeConv, from the decoded data
DataAftDeConv, based on a matching result of the
detected RNTI values DetRnti, and configured RNTI
values SetRuti,, where k=i,, 1}, . . ., gy, and iy, 1y, - - -,
ig, differ from one another and are related to values of i
in the detected RNTI values DetRnti, which match the
configured RNTT values SetRnti,;

a processing unit, configured to perform encoding, rate
matching and modulation on the data to be processed
DataAftDeConv,, to obtain modulated data DataAftRe-
buildModulation,;

a calculating unit, configured to calculate confidence levels
C; of the configured RNTI values SetRnti, based on the
modulated data DataAftRebuildModulation, and the
descrambled data DataAftDescramble,, where values of
p are equal to values of j in the configured RNTI values
SetRnti; which match the detected RNTI values DetRn-
ti,; and

a determination unit, configured to determine that the data
to be processed DataAftDeConv,, contains detected
DCI, when a maximum confidence level (C,),,,. of the
configured RNTI value SetRnti,, is greater than a prede-
termined threshold of confidence level, where kp is the
value of k when the confidence level C, reaches the
maximum value (Cp),, .-

11. The device according to claim 10, wherein
DetRati,=TxCrc, XOR RxCrc;, where TxCrc, is CRC data in
the decoded data DataAftDeConv, added by a sender, and
RxCrec, is CRC check data obtained after CRC is performed
on the decoded data DataAftDeConv, in which TxCrc, is
removed.

12. The device according to claim 10, wherein iy, i, . . .,
ir, are values of i in all the detected RNTI values DetRnti,
which match the configured RNTI values SetRati,.

13. The device according to claim 10, wherein iy, i, . . .,
ir, are values of i in a portion of the detected RNTI values
DetRati, extracted from all the detected RNTI values DetRnti,
which match the configured RNTT values SetRnti,.
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14. The device according to claim 13, wherein a distance
on a state machine shortest path output from convolutional
decoding, which corresponds to the extracted portion of the
detected RNTI values DetRati,, is less than a distance thresh-
old.

15. The device according to claim 10, wherein the confi-
dencelevels C, arerelated to C_Temp, which is dotproduct of
the modulated data DataAftRebuildModulation, and the
descrambled data DataAftDescramble;.

16. The device according to claim 15, wherein the confi-
dence levels C, are calculated based on any one of the follow-
ing formulas:

C=real(C_Temp,);
Ci=real(C_Temp,)-abs(imag(C_Tempy));
and

Ci=real(C_Temp,)/(abs(imag(C_Tempy))+const).

17. The device according to claim 10, further comprising a
filtering unit configured to perform filtering on the detected
DCI.

18. The device according to claim 17, wherein the filtering
unit is configured to determine whether the detected DCI is
valid.
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